The environmental impacts of foreign direct investment (FDI) and foreign trade have attracted much attention recently. This paper employs panel quantile regression to explore the effects of FDI and foreign trade on Chinese provincial CO 2 emissions for the period of 1997-2014. The results indicate that the effect of FDI on CO 2 emissions is negative and significant except at the 5 th and 10 th quantiles. Foreign trade has a significant negative effect on CO 2 emissions at upper quantiles, and the degree of the effect increases gradually with the increase of CO 2 emissions. The results also suggest that the inverted U-shaped environmental Kuznets curve (EKC) is valid only in the least and most polluted provinces. Nevertheless, the positive indirect effects of FDI and foreign trade on CO 2 emissions are greater than the negative direct effects; thus the total effects are positive. Finally, several policy implications are proposed for China based on the empirical results obtained.
Introduction
Since the Reform and Opening in 1978, China has witnessed and is still witnessing high speed economic development with an annual growth rate that exceeds 10%, ranking second throughout the world [1] . As the most important engine of economic development, FDI and foreign trade have made tremendous contributions to the rapid growth of economy. However, the inflow of FDI and the rising level of foreign trade are also identified to be fundamental causes of pollution in the environment [2] . Already the world's largest carbon emitter, China emits 9.15 billion tons of carbon emissions, accounting for 27.3% of the global total emissions in 2015 [3] . Such status quo has raised widespread public concern about the unprecedented rise in CO 2 emissions, which placed great pressure to China in dealing with anthropogenic environmental impact. Presently, economic globalization and trade liberalization have greatly promoted the inflow of FDI and the rapid growth of foreign trade. Assessing the environmental consequences caused by FDI and foreign trade will be of important significance in both restraining CO 2 emissions and achieving sustainable development.
Previous studies on the environmental impacts of FDI and foreign trade mainly concentrated on the 'direct' mechanism, while little attention has been paid to the 'indirect' mechanism that FDI and foreign trade affecting CO 2 emissions through their impacts on economic development [4] . According to the environmental Kuznets curve (EKC) hypothesis, the nexus between GDP growth and emissions is nonlinear and shaped like the typical inverted U [5] . The argument in favor of this hypothesis postulates that environmental pollution initially increases with the increase of per capita income but begins to decrease rapidly after the per capita income exceeds the threshold point. The applicability of EKC hypothesis has been widely verified in various countries and time periods. For example, in a study of 25 OECD countries, Jebli et al. [6] found an inverted Ushaped relationship between per capita carbon emissions and per capita real GDP over the period of 1980 to 2010. Likewise, the investigation of Riti et al. [7] supported the existence of EKC hypothesis in China for the period from 1970 to 2015. Moreover, many studies have highlighted the important role of FDI and foreign trade in accelerating economic growth. Li and Liu [8] documented that FDI can significantly promote economic growth in a global scale of 84 countries. Lau et al. [9] claimed that foreign trade is positively correlated with economic growth. This raises the question that, besides the direct effects, FDI and foreign trade may indirectly affect CO 2 emissions by promoting economic growth. The neglect of the indirect effects may lead to the underestimation or overestimation to the environmental influences of FDI and foreign trade. Hence, further explorations of the indirect effects of FDI and foreign trade on environment are warranted to prevent their real impacts from being misestimated.
Besides, studies have ignored the likelihood that the impacts of FDI and foreign trade on CO 2 emissions might present heterogeneity throughhout the emissions distribution. Most previous literatures concerned with the determinants of CO 2 emissions adopted the traditional ordinary least square (OLS) method. Cade and Noon [10] argued that OLS estimations might be seriously under-or overestimated in heterogeneous distribution. There are pronounced differences in CO 2 emissions among Chinese provinces. The effects of driving factors on CO 2 emissions may be affected by different levels of carbon emissions; that is, the impact of the same determinant may be inconsistent in low-and high-emissions provinces. Since the widespread used OLS method can only estimate the mean effect, it is no longer reasonable and applicable. In the present article, this issue will be effectively solved by employing quantile regression approach. You et al. [11] argued that quantile regression can evaluate the effects of influence factors on CO 2 emissions throughout the conditional distribution. Lin and Xu [12] used the same methodology and confirmed that the impacts of influencing factors on CO 2 emissions in the manufacturing industry differ significantly across quantile levels.
This research extends existing literature in the following ways. First of all, this study quantitatively estimates the direct and indirect impacts of FDI and foreign trade on CO 2 emissions in 30 Chinese provinces. At the same time taking into account the direct and indirect impacts can help us get more accurate information about how FDI and foreign trade influence CO 2 emissions. Second, this paper employs panel quantile regression to study the environmental effects of FDI and foreign trade throughout the entire distribution of CO 2 emissions. In contrast to the OLS method, quantile regression allows examining whether FDI and foreign trade consistently affect CO 2 emissions across quantile levels, particularly in the lowest and highest quantiles. Third, certain related control variables are introduced into our model within the theoretical framework of STIRPAT (the stochastic impacts by regression on population, affluence, and technology), which can resolve the omitted-variable biases [13] .
The remainder of the study proceeds as follows. Section 2 presents the relevant literature. Section 3 presents the empirical model, methodology, and data. The empirical results and relevant discussions are provided in Section 4. Section 5 reports the conclusions and policy suggestions. 2 Emissions. The majority of research on FDI-emissions linkage is aimed at verifying the existence of pollution haven hypothesis (PHH). According to the PHH, foreign firms in dirty sectors are more likely to relocate pollution activities from developed countries to poorly regulated developing countries to avoid domestic environmental control costs, which directly undermines the environmental interests of recipient countries [14] . Many scholars have presented evidence in favor of this hypothesis. Among them, Shahbaz et al. [15] [17] introduced dynamic panel data model to explore the linkage among CO 2 emissions, FDI, economic growth, and energy consumption. They came to the same conclusion that FDI is detrimental to the reduction of CO 2 emissions. Seker et al. [18] employed the Autoregressive Distributed Lag (ARDL) model and Error Correction Model (ECM) to determine the effect of FDI on Turkish carbon emissions. The findings manifested that the elasticity of CO 2 emissions to FDI is positive, either in the long-run or short-run. Solarin et al. [19] and Sun et al. [20] used the same approach to examine the existence of PHH in Ghana and China respectively. Their results illustrated that FDI is positively correlated with CO 2 emissions, thus supporting the PHH. In the case of South and Southeast Asian (SSEA) countries, Behera and Dash [21] analyzed the impacts of FDI, urbanization, and energy consumption on CO 2 emissions by means of the FMOLS and Dynamic Ordinary Least Square (DOLS) techniques. The results revealed that the influence of FDI on CO 2 emissions depends on income level. Along with this, they found that FDI inflows deteriorate environment in countries with middle-and high-income. More recently, Salahuddin et al. [22] adopted the ARDL bounds testing approach to estimate the association among FDI, economic growth, financial development, electricity consumption, and carbon emissions in case of Kuwait. They also found that, in both the short and long run, FDI causes a rise in carbon emissions.
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However, some studies have documented that FDI inflows are conductive to improve energy efficiency and ultimately curbing pollutant emissions, because FDI has positive spillover effects such as advanced management practices, up-to-date technologies, and employment expansion. This is also known as the pollution halo hypothesis. Evidence has provided strong support for this hypothesis. For example, Zhou et al. [23] used dynamic panel data model to assess the environmental impact of industrial structural transformation. The results stated that a larger amount of FDI inflowing would cut emissions, which validates the pollution halo effects in China. Mert and Bölük [24] used panel ARDL approach to estimate the effects of FDI and renewable energy consumption on environmental quality and found that FDI inhibits CO 2 emissions in the 21 Kyoto countries. Moreover, in a study by Al-mulali and Tang [25] , the validity of PHH was tested by FMOLS method. It was discovered that the increase of FDI has no impact on pollutant emissions in the Gulf Cooperation Council (GCC) countries. 2 Emissions. In addition to FDI, foreign trade may be another source of environmental pollution. The seminal exploration of trade-emissions nexus was provided by Grossman and Krueger [26] , who concluded that the environment impact of trade can be divided into scale, technique, and composition effects. Since then a growing literature has been carried out to evaluate the impact of foreign trade on environmental quality, but empirical findings are ambiguous and fail to reach a consensus [27] [28] [29] . For instance, Tiwari et al. [30] inspected the relationship between economic growth, trade openness, CO 2 emissions, and coal consumption in India by applying OLS method. The results reported that increasing trade openness would contribute to CO 2 emissions. In a study by Ozturk and Almulali [31] , the Generalized Method of Moments (GMM) and Two-Stage Least Squares (TSLS) method were adopted and the conclusions indicated that carbon emissions increase significantly with the increase of trade volume in Cambodia. On a regional level, Wang and Zhao [32] conducted an analysis of the driving factors that affect CO 2 emissions in three different income regions of China using Partial Least Square (PLS) method. Results demonstrated that trade growth is one of the positive drivers behind the increase in CO 2 emissions, and the influence of trade in underdeveloped region is greater than in the developing and highly developed region. In a recent study, Zhang [33] established the ARDL model to study the relationship between trade liberalization and CO 2 emissions in South Korea and noted that trade has a detrimental impact on environmental quality.
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On the contrary, Helpman [34] argued that trade helps to promote the international movement of production elements and international transfer of technical knowledge, so as to realize the efficient utilization of resources. In this way, they believed that foreign trade is conductive to control the level of environmental pollution. Furthermore, Shahbaz et al. [35] have undertaken an analysis on the relationship between trade openness, financial development, economic growth, carbon emissions, and coal consumption using ARDL bounds testing approach. They also confirmed that the enhancement of trade has a significant contribution to environmental improvement in South Africa. Through exploration on 25 OECD countries, Jebli et al. [6] investigated the correlation among carbon emissions, international trade, GDP, and renewable and nonrenewable energy consumption. Results of panel FMOLS and DOLS supported that trade is effective in mitigating carbon emissions. In another study, Zhang et al. [36] used the same method to study the tradeemissions nexus for ten newly industrialized countries with results that suggested that trade liberalization is essential for achieving environmental improvement.
In general, most of the previous research on the environmental consequences of FDI and foreign trade applied the mean regression. Obviously, there are still some aspects that need to be improved. First, very little research has presented the indirect impacts of FDI and foreign trade on CO 2 emissions by taking economic growth as a key factor. Second, studies have failed to capture the comprehensive effects of FDI and foreign trade on the environment in pace with the changes of CO 2 emissions. This paper extends earlier investigations by estimating the direct and indirect impacts of FDI and foreign trade on CO 2 emissions across Chinese provinces within the panel quantile regression framework. In particular, we provide evidence that the influences of FDI and foreign trade on CO 2 emissions are heterogeneous at different emissions levels.
Methodology and Data
Methodologies
Empirical Model Specification.
In this article, the effects of FDI (Panel A) and foreign trade (Panel B) on CO 2 emissions at provincial level are assessed separately for two main reasons. On the one hand, as important catalysts for economic growth in developing countries, both FDI and foreign trade reflect the openness degree of a country. On the other hand, there is a strong interaction between FDI and foreign trade [37] . The estimated results of foreign trade can be regarded as the robustness test for FDI [38] . To identify other socioeconomic factors affecting CO 2 emissions, the paper follows the STIRPAT model proposed by Dietz and Rosa [39] , which is defined as
where stands for the intercept term and , , , , and represent environmental impact, population size, average affluence, technological development, and the random error term, respectively. The subscripts and denote province and year.
This study extends the STIRPAT model to reduce specification bias in econometric model estimation. First, given that the possible nonlinear correlation between economy and the environment, the squared term of GDP is included. It makes sense to verify the EKC hypothesis, because whether economic growth is achieved with the cost of rapid environmental degradation has long been the center of debate in the field of low-carbon economics. Second, due to low prices and abundant reserves, China's energy consumption is heavily dependent on coal [40] . As the largest energy consumers in the world, substantial energy consumption and coal-dominated energy structure are bound to cause severe environmental concerns [41, 42] . Thus, energy consumption and energy structure are introduced in the discussion. Third, recent studies, such as Xu and Lin [43] and Xu and Lin [44] , considered urbanization and industrialization as the main driving forces of environmental pollution. Indeed, China is now at a stage of accelerated urbanization and industrialization, which requires huge fossil energy consumption to meet social needs and inevitably triggers everincreasing CO 2 emissions. It would be more appropriate to incorporate urbanization and industrialization into our analytical framework. All variables take a natural logarithmic form to eliminate possible heteroscedasticity and then the CO 2 emissions equation can be written as follows (in this section, we only display the regression equation for FDI. Both the CO 2 emissions equation and income equation for foreign trade are to replace FDI with foreign trade):
where 2 is per capita carbon emissions in tons, represents per capita of foreign direct investment (yuan), and and 2 denote gross domestic product per capita and its square term, measured in 2000 constant yuan. indicates the total energy consumption (10,000 Standard coal), is the percentage of urban population in total population, is the percentage of industrial added value in GDP, refers to energy structure measured as the percentage of coal consumption in total energy consumption, and indicates population size (10,000 persons). Following the augmented classical macroeconomics growth equation proposed by Solow [45] , FDI, domestic capital stock, and population growth are controlled for in the income equation. The formulation of income equation is given as follows:
where is the same as in (2), is per capita domestic capital stock (yuan), and denotes population growth. The two-stage least squares approach developed by Kelejian [46] is utilized to estimate (2) and (3). The potential endogeneity problem in (3) is addressed by using an instrumental variable (IV) method. In accordance with Zhang et al. [47] , the squared term of the fitted values of GDP per capita is chosen as the instrument variable. Additionally, the Hausman specification tests yield a p-value less than 0.05, indicating that the random effects estimates are rejected and the model with fixed effects is preferred for both (2) and (3).
For a deeper understanding of the environmental consequence of FDI, the indirect effect of FDI on CO 2 emissions through its impact on per capita GDP should also be considered. Then, the total effect of FDI can be calculated by adding the direct and indirect effect as
where the first item of (4) is the direct effect of FDI on CO 2 emissions and the second item of the equation (i.e., the product of partial differential expression) is the indirect effect.
Quantile Regression.
The quantile regression approach, firstly introduced by Koenker and Bassett [48] , is a powerful tool to examine how covariates affect the location, scale, and shape at different points of response distribution. Compared with OLS regression, quantile regression proved to be more robust to the outliers and more efficient when the error term is a nonnormal and has heteroskedasticity [49] . The quantile regression model with fixed effect can be expressed as
where ∈ (0, 1), is the unobserved effect, denotes a vector of independent variables, represents a vector of parameters to be estimated, and ( | , ) is the -th conditional quantile of . For a given , the parameter vector in (5) can be estimated aŝ
where ( ) = ( − ( < 0)) is the quantile loss function and (⋅) denotes the indicator function. Zhu et al. [50] noted that the estimator is robust because it splits the residuals into positives and negatives and gives weights of and 1 − . The parameter can be estimated by
where is the weight that controls the relative influence of the quantiles { 1 , . . . , k }, is the penalty function, and is the tuning parameter [51] . For → 0, the fixed effects estimator is obtained and the penalty term disappears, while as → ∞, the model without individual effects is obtained. Following Lamarche [52] , the equally weighted quantiles are defined as = 1/ . Accordingly, (2) can be further reconstructed to the following model:
Data Sources and Descriptions.
Fossil fuel combustion is responsible for three-quarters of China's carbon emissions [53] . In China, there is a lack of official statistics on energyrelated CO 2 emissions. It is suggested that the data of CO 2 emissions from different energy sources should be calculated first. Following the framework recommended by the Intergovernmental Panel on Climate Change [54] , carbon emissions can be calculated as follows:
where is CO 2 emissions from fossil fuels (10,000 ton) in year , 44/12 is the conversion coefficient between C and CO 2 , denotes the fossil fuel consumption of measured by 10 4 tce (tons of coal equivalent) in the year , is the carbon emissions coefficient (t C/tce), and represents the rate of carbon oxidation of fuel type . The carbon emissions coefficient and the rate of carbon oxidation of eight fossil fuels are listed in Table 1 .
Our sample dataset includes a balanced panel dataset of 30 Chinese provinces during 1997-2014. Due to data availability, Tibet, Taiwan, Hong Kong, and Macau were excluded. All data used are obtained from the China Statistical Yearbook, provincial statistical yearbooks, and China Energy Statistical Yearbook. The real GDP is standardized to be in the 2000 constant price (2000=100). Domestic capital stock is estimated by the perpetual inventory method. All variables are converted into natural logarithms except population growth rate ( ). Table 2 reports the details of related variables used in the model.
The results of descriptive statistics are tabulated in Table 3 . The Jarque-Bera test is applied to check the normality of variables. All data series exhibit skewed and nonzero skewness, which indicates that most time-series variables reject the null hypothesis of being normally distributed, and justifies the appropriateness of applying quantile regression approach for empirical analysis.
Empirical Results
Unit Root Test and Cointegration Test.
To avoid the mistakes resulting from the pseudoregression problems, it is necessary to first check the stationarity of each variable concerned. There have been several methods for panel unit root test. Specifically, these approaches can be roughly divided into two kinds [55] . The first is under the assumption that there is a common unit root for all panel units, including LLC (Levin-Lin-Chu) test, Breitung test, and Hadri tests. In the second category, the assumption of cross-sectional independence is relaxed and cross-sectional dependence is allowed. It primarily includes Fisher-ADF test, Fisher-PP test, and IPS (Im-Pesaran-Skin) test. Following Zhang et al. [47] , three panel-based unit root tests, namely, Fisher-ADF, Fisher-PP, and LLC tests, are conducted to check the stationarity of each variable, and the results are depicted in Table 4 . As we can see, all variables are stationary at the first-order difference, meaning that they are integrated at an order of one. Then, Kao residual cointegration test is performed to identify whether there is a long-run equilibrium relationship between variables considered. The results of the ADF stat (-6.849, P = 0.000), HAC variance = 0.0043 for panel A and ADF stat (-6.897, P = 0.000), HAC variance = 0.0043 for panel B suggest that there exist cointegration relationships between variables during the sample period.
Direct Effect Estimations Based on Panel Quantile Regression.
On the basis of panel quantile regression technique, the effects of FDI and foreign trade on Chinese provincial CO 2 emissions are examined in the present paper. For comparison purposes, OLS regression is firstly utilized to estimate the average impacts. The OLS estimates with pooled and oneway individual fixed effects are given in columns 1 and 2 of Table 5 . As Baltagi [56] pointed out, the parameter estimates of the two-way fixed effect model are more reliable. Therefore, the results presented in column 3 of Table 5 are discussed below. The estimated coefficient of FDI is -0.0378 and is significant at 1% level, meaning that a 1% increase in FDI will lead to about 0.04% decrease in CO 2 emissions. The result is in accordance with Zhou et al. [23] , who noted that FDI plays a significant role in curbing carbon emissions in China. The estimated coefficient of foreign trade is -0.1042 and is significant at 1% level, showing that an increase of 1% in foreign trade will result in a reduction of about 0.10% in CO 2 emissions. The finding is consistent with Destek et al. [57] , who concluded that a 1% increase in trade will reduce CO 2 emissions by 0.069%-0.097% in a panel of ten selected Central and Eastern European Countries (CEECs). However, OLS estimation results only reveal the influences of FDI and foreign trade in the center of the distribution of CO 2 emissions, which may cause a loss of important information in the tail distribution.
This Table 6 . Obviously, there is a significant distinction between parameters obtained by the quantile regression and OLS regression. Figure 1 graphically displays the change of parameter estimates for main variables (i.e., FDI, foreign trade, and GDP and its square terms), ranging from 0.01 to 0.99 quantiles of the distribution with 95% confidence intervals (the shaded area). As observed from the results listed in Table 6 , the direct effect of FDI on CO 2 emissions is heterogeneous under low, medium, and high quantiles. At the 5 th and 10 th quantiles, the coefficients associated with FDI is negative but statistically insignificant at the 10% level. Yet, the negative coefficients of FDI become significant at other quantiles, lending strong support to the halo effect hypothesis in middle-and highemissions provinces. These findings indicate that a 1% increase in FDI will reduce CO 2 emissions by approximately 0.037%-0.073%. Furthermore, with the increase of quantiles, the degree of the impact displays an approximate increase trend, as shown in Figure 1 . Therefore, it can be reasonably concluded that FDI is more conductive to mitigate CO 2 emissions in high-emissions provinces. This phenomenon is attributed to important differences in environmental regulations. Provinces with high emissions tend to be more environmental conscious and enforce stricter environmental control standards. The properly designed environmental management and supervision system raises the cost 6 Mathematical Problems in Engineering Note: * * * , * * , and * denote the significance at 1%, 5%, and 10% level, respectively. of pollution-intensive products and then triggers environmental innovation. Hence, in high-emissions provinces, the influx of FDI can directly relieve the environmental pressure by transferring environmentally friendly technologies and improving energy efficiency. In Chinese provinces with rigid environmental standards, as Dean et al. [58] pointed out, FDI inflows into high-pollution industries can be prevented. The evidence on pollution halo hypothesis is in line with empirical 8 Mathematical Problems in Engineering results provided by Zhang and Zhou [59] , who also reported that FDI flows are beneficial to environmental protection in China. Similarly, the effect of foreign trade on CO 2 emissions differs remarkably across quantile levels. Specifically, the coefficient of foreign trade is negative but insignificant on the left side of the CO 2 emissions distribution, which means that higher level of foreign trade does not appear to decrease CO 2 emissions in low-emissions provinces. However, the coefficient of foreign trade becomes statistically significant at upper quantiles (60 th , 70 th , 80 th , 90 th , and 95 th ) and ranges from -0.0394 to -0.0684, suggesting that the expansion of foreign trade directly constrains CO 2 emissions in highemissions provinces. The negative trade-emissions relation is also documented by Dogan and Seker [60] for a group of the top renewable energy countries. Additionally, as CO 2 emissions increase, the degree of impact of foreign trade increases gradually. That is, in high-emissions provinces, foreign trade plays more important role in reducing pollutant emissions. The reason is that the trade structure of highemissions provinces has evolved from heavy industry to service industry and light manufacturing industry. Because of the advantages in the circulation of commodities, technology, and services, foreign trade contributes to propping up technological innovation, reducing the excess capacity, and thus improving the quality of environment. This evidence is corroborated by Wiedmann et al. [61] , who argued that the export of industrial products results in air pollution (i.e., PM 2.5 ), while the export of tertiary industries is an effective strategy to control pollution.
When it comes to the income-related emissions nexus, the coefficient of per capita GDP is positive, and its squared term is negative and significant at extreme low and high tails (i.e., 5 th , 10 th , and 95 th quantiles). This constitutes empirical evidence for the EKC hypothesis in the least and most polluted provinces. That is, income follows an inverse U-type with pollution emissions in this region. The result highlights that provinces with the least and most emissions may have reached the desired level of per capita income, so environmental pollution will decrease along with economic growth. Conversely, there are signs that the current economic growth mode in middle-emissions provinces seems unsustainable, since raising economic development level is accompanied by environmental deterioration. The result is contradictory to the findings of Pao et al. [62] , who proposed that the EKC hypothesis does not support the data from China. The reason for the absence of consensus may be that ignoring the heterogeneity within provinces eliminates the existence of inverted U-shaped EKC. This finding also casts doubt on the effectiveness of policy recommendations based on mean regression results. Quantile regression technique applied in this study can completely describe the incomeemissions nexus. There are significant differences in the level of environmental pollution among Chinese provinces, which further confirms the importance of discussing the EKC hypothesis under the control of distribution heterogeneity. This paper also draws the conclusion with respect to the impacts of control variables on CO 2 emissions from Table 6 .
First, the coefficients of energy consumption and energy structure are positive and significant for all the conditional quantiles, which indicates that massive energy consumption and coal-based energy structure will undoubtedly deteriorate the quality of environment. Second, the coefficient of urbanization suggests that the increase of urban population has a positive influence on CO 2 emissions as expected. Third, the coefficient of industrialization is positive but statistically significant only at the 5 th and 10 th quantiles, which means that the industrial development is one of the causes of environmental deterioration in the least polluted provinces. Fourth, the coefficient of population size is positive and significant across quantile levels, suggesting that population growth conduces to improving the environmental quality. This may be the reason that population accumulation makes it possible to utilize energy in a relatively efficient way (e.g., central heating).
Estimation Results of CO 2 Emissions Equation and Income Equation.
The two-stage least square method is adopted to estimate the CO 2 emissions equation and income equation represented by (2) and (3), with the CO 2 emissions per capita and GDP per capita as the dependent variables, respectively. The results documented in Table 7 specify that FDI and foreign trade have negative effects on CO 2 emissions. An increase of 1% in FDI and foreign trade contributes to a reduction of about 0.04% and 0.11% in CO 2 emissions, respectively. Moreover, this study also presents empirical evidence on the role of FDI and foreign trade in accelerating China's economic growth. For every 1% increase in FDI and foreign trade, GDP per capita will increase by approximately 0.27% and 0.29%. The results are broadly in accord with Lee [63] and Halicioglu [64] . The former documented that FDI benefits the growth of economy of the group of 20 through direct capital financing and foreign technology transfer. The latter confirmed that foreign trade boosts economic growth in Turkey. 2 Emissions. In this subsection, the total environmental consequences of FDI and foreign trade in 30 provinces of China are reported in Table 8 . According to (4), the indirect effects of FDI and foreign trade on environment are related to income level. The different income levels are calculated based on eleven quantiles of per capita income. In addition, Figure 2 provides the graphical illustrations for the environmental impacts of FDI and foreign trade across quantile levels.
The Total Effects of FDI and Foreign Trade on CO
Regarding FDI, its positive indirect effect on CO 2 emissions is greater than the negative direct effect and hence the total effect is positive. Our results imply that the motivation behind lowering environmental regulations to attract FDI flows has turned China into a "pollution haven." The validation of the PHH in our study comes, however, as no surprise. It is generally acknowledged that China has become the most attractive host country of FDI due to its abundant natural resources, cheap labor cost, and lax environmental regulations. However, FDI inflows in China prefer high pollution industries such as equipment manufacturing and chemical and real estate industry and ultimately, resources are destroyed and the environment is polluted carelessly. The result is consistent with earlier studies by Kivyiro and Arminen [65] , which revealed that the rise in FDI inflows increases pollution emissions in sub-Saharan Africa due to outdated technologies and nonmandatory regulations. As for foreign trade, its positive indirect effect is greater than the negative direct effect within most of the income range; thus the total effect of foreign trade on CO 2 emissions is also positive. It is held that increasing the liberalization of foreign trade will aggravate environmental pollution. After the accession to the World Trade Organization (WTO), China has benefited from low tariffs and nontariff barriers, and a large volume of "Made in China" products and services are exported through trade. This, however, comes at the expense of increased environmental pollutions. Under the concept of "trade causes growth," China has neglected the adverse impact of foreign trade on environment. As a "world factory," resource-intensive products such as steel, nonferrous metals, and petrochemical and building materials still account for a large proportion of China's total exports. The production activities of these products inevitably consume enormous fossil energy, resulting in more severe environmental issues.
Notably, the total environmental influences of FDI and foreign trade will decrease with CO 2 emissions increasing. At the 5 th quantile, as FDI or foreign trade rises by 1%, CO 2 emissions will increase by approximately 0.076% or 0.085%. At the 50 th quantile, for every 1% increase in FDI or foreign trade, CO 2 emissions will increase by about 0.017% and 0.044%. At the 95 th quantile, the total effects are found to be 0.006 and -0.001, respectively, which means that the direct effects of FDI and foreign trade on CO 2 emissions are almost offset by the indirect effects. In view of this, FDI and foreign trade are more responsible for environmental degradation in low-and middle-emissions provinces, while, in the most polluted provinces, their environmental impacts are negligible.
Conclusions and Policy Implications
Using provincial-level panel data in China over the period from 1997 to 2014, this paper aims to investigate the effects of FDI and foreign trade on CO 2 emissions. The panel quantile regression is applied to achieve the objectives. The results yield evidence of heterogeneity regarding the impacts of FDI and foreign trade on CO 2 emissions. Specifically, the effect of FDI on CO 2 emissions is negative and significant except at the 5 th and 10 th quantiles. Foreign trade has a negative and significant impact at higher quantiles, and the degree of the impact increases with the increase of quantiles. Our findings also validate the existence of EKC hypothesis in the least and most polluted provinces. However, the total environmental effects of FDI and foreign trade are determined by the indirect effects and appear positive. The above empirical findings have the following policy implications.
First, given that FDI inflows could act as a channel for environmentally friendly technologies, more stringent environmental regulations should be designed and implemented in low-emissions provinces to attract clean FDI inflows. Provinces with low-and middle-emissions are supposed to optimize the distribution structure of FDI inflows, motivating the quality-oriented mode of FDI inflows rather than a quantity-oriented mode.
Second, to upgrade trade structure in low-and middleemissions provinces, the application of green technologies should be guaranteed in export-oriented industries. The government can take various incentives, such as tax reduction or exemption for nonpolluted industries, to encourage producers to shift toward environmentally sound industries. Again, the exports of pollution-intensive products in these areas are expected to be restricted or prohibited.
Third, to achieve the coordination between economy and carbon-cutting, it is suggested that middle-emissions provinces further adjust their economic structure and develop green economy and circular economy. Comparatively, the least and most polluted provinces should sustainably accelerate economic development, since higher income is conductive to the reduction of CO 2 emission.
Finally, the key implication of the empirical findings is that emission mitigation measures should be tailored according to the pollution level in different provinces, instead of a "one-size-fits-all" approach.
Still, our study has limitations. Since environmental pollution may have potential spatial dependence characteristics among adjacent provinces in China, further analyses can examine the spatial effects of FDI and foreign trade on CO 2 emissions.
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